The nutritional requirements of Selenomonas ruminantium HD4 for growth on placed glucose. p-Aminobenzoic acid (PABA) was required for growth on glucose, and biotin was stimulatory. Good growth was also obtained in a glucose-yeast extract-Trypticase medium supplemented with 10 to 20% clarified rumen fluid, a mixture of volatile fatty acids (VFA), or n-valerate. The yeast extract-Trypticase medium containing lactate instead of glucose did not support good growth unless supplemented with rumen fluid, a vitamin mixture, or biotin. For growth in the medium containing lactate and biotin, supplementation with VFA or PABA was not required. These studies showed that biotin and additional factor(s) in the complex medium are required for growth on lactate.
Selenomonas ruminantium, a nonsporeforming rumen anaerobe, ferments a wide variety of carbohydrate substrates and intermediates of the mixed rumen fermentation. The major fermentation products from glucose in batch culture are lactate, propionate, acetate, and CO2 (1); the relative amounts vary among strains. Some strains also ferment lactate and glycerol, and accumulate more acetate and propionate and less lactate from glucose than strains that do not ferment lactate.
Continuous-culture studies with limiting glucose have shown that the relative proportions of fermentation products depend upon the growth rate for both lactate-fermenting and lactate-negative strains (4, 13) . As the growth rate increases, the amount of lactate produced increases, and the production of propionate and acetate decreases. Other factors may also influence growth on glucose and lactate production and utilization of lactate by S. ruminantium. Kanegasaki and Takahashi (7) showed that its nutritional requirements for growth on lactate are different than those for growth on glucose. Lactate-fermenting strains isolated from sheep grew well on a semidefined medium containing glucose, 0.25% casein hydrolysate, n-valerate, and B vitamins, but growth was poor when lactate re- placed glucose. p-Aminobenzoic acid (PABA) was required for growth on glucose, and biotin was stimulatory. Good growth was also obtained in a glucose-yeast extract-Trypticase medium supplemented with 10 to 20% clarified rumen fluid, a mixture of volatile fatty acids (VFA), or n-valerate. The yeast extract-Trypticase medium containing lactate instead of glucose did not support good growth unless supplemented with rumen fluid, a vitamin mixture, or biotin. For growth in the medium containing lactate and biotin, supplementation with VFA or PABA was not required. These studies showed that biotin and additional factor(s) in the complex medium are required for growth on lactate.
Kanegasaki and Takahashi (7) also reported that S. ruminantium required CO2 for growth in both glucose and lactate media. Bryant, however, reported that strains of S. ruminantium grew well on glucose in a N2 atmosphere (1) .
Further investigation of the nutritional requirements of S. ruminantium for growth on glucose, glycerol, and lactate seemed necessary to clarify the results of previous studies and to determine its specific requirements for growth on these substrates. The present study was undertaken with these goals in mind and with the purpose of relating the nutrition of the organism to its physiology. MATERIALS (Fig. 4) was used, the medium contained 0.05 M sodium phosphate buffer, pH 6.5; total gas space, ca. 5 ml.
b Maximum at 660 nm during a 48-h incubation. The values are means of duplicate serum bottles.
c CDM medium, except that cysteine was replaced with 0.025% Na2S * 9H20 as reducing agent and sulfur source. The inoculum was 0.05 ml of an ovemight culture grown on the same medium with CO2.
d As for glucose medium but without VFA. The inoculum was 0.05 ml ofan overnight culture grown on the same medium plus CO2.
'Glycerol medium plus 0.1% L-aspartate. The inoculum was 0.05 ml of an overnight culture grown on the same medium plUS C02. Catabolic reactions may also compete for pools of oxalacetate. Energy for growth on lactate or glycerol depends on the formation of propionate, for which S. ruminantium uses the randomizing or succinate pathway (11) . In propionibacteria there is no net utilization of the intermediate oxalacetate of the randomizing pathway because of trans-carboxylation between methylmalonyl-coenzyme A (CoA) and pyruvate (14) . Oxalacetate is therefore regenerated from pyruvate when propionate is formed. In Veillonella alcalescens, however, methylmalonyl-CoA appears to be decarboxylated to CO2 and propionyl-CoA, which requires net synthesis of dicarboxylic acid precursors when propionate is formed from lactate (3). If S. ruminantium uses the V. alcalescens mechanism, formation of propionate acts as a further drain on the oxalacetate pool. This is not usually the case in batch culture on glucose because the formation of lactate usually provides energy growth (13) .
The requirement for a VFA such as valerate when S. ruminantium is grown on glucose, but not on lactate or glycerol, may be related to the fact that lactate is the major fermentation product when glucose is added in amounts that do not limit growth (13) 
